Introduction {#S0001}
============

Hepatocellular carcinoma (HCC) is a common cancer of the hepatobiliary system.[@CIT0001],[@CIT0002] Many complex factors play key roles in the development and progression of HCC cells. In recent years, dramatic advances have been made in the clinical therapy for HCC in both surgical procedure and chemotherapy regimens. However, the outcome of HCC is still unfavorable.[@CIT0003] Therefore, it is vital to unveil the secret of HCC carcinogenesis and metastasis, which might contribute to the discovery of new biomarkers and improve the prognosis of HCC patients.

Circular RNAs (circRNAs) are a class of endogenous non-coding RNA with covalently closed loop structures. They are not degraded by RNA exonuclease, thus maintaining a stable expression.[@CIT0004] They exist extensively in cells, and dysregulation of circRNAs may cause human diseases, including cancer.[@CIT0005] CircRNAs exert regulatory effects in multiple diseases through interacting with certain miRNAs, including esophageal cancer,[@CIT0006] oral cancer,[@CIT0007] cardiovascular disease,[@CIT0008],[@CIT0009] Alzheimer's disease,[@CIT0010] etc. Such an interaction between circRNA and miRNA is known as the competitive endogenous RNA (ceRNA) theory.[@CIT0011] For example, circ_104718 sponges miR-218-5p to upregulate the thioredoxin domain containing 5 (TXNDC5) expression in HCC.[@CIT0012] Hence, determining the mechanisms that are underlying the progression of HCC and searching for new drugs from the view of circRNA is imperative. Previously, Xu et al[@CIT0013] identified circ_0005394 as an elevated circRNA in HCC tissues compared to the adjacent noncancerous samples. Circ_0005394 is mapped to chr16: 11868091--11876244 and generated by splicing of *ZC3H7A*. The spliced sequence length of circ_0005394 is 937 nucleotides long. In this work, we verified that circ_0005394 sponged miR-507 and miR-515-5p to upregulate E2F Transcription Factor 3 (E2F3) and C-X-C motif chemokine ligand 6 (CXCL6) expression levels in HCC. Moreover, miR-507/E2F3 and miR-515-5p/CXCL6 signaling pathways played a key role in mediating HCC progression.

Materials and Methods {#S0002}
=====================

Patients and Tissues {#S0002-S2001}
--------------------

The HCC specimens and their adjacent normal tissues were harvested from patients who underwent liver resection at Cancer Hospital Affiliated to Harbin Medical University. A validation cohort consisting of 82 HCC patients was selected according to the following inclusion criteria: (i) patients who underwent radical resection with a clear surgical margin; (ii) patients with available follow-up information and complete medical records; (iii) patients with a survival time of more than 1 month; (iv) patients had not undergone radio/chemotherapy before surgery; and (v) patients who had no history of other malignancies. This study was authorized by the Ethics Committee of Cancer Hospital Affiliated to Harbin Medical University. Informed consent was obtained from each participant. The tumors were classified and staged according to the 8th AJCC/UICC TNM classification system. The pathological diagnosis of HCC patients was performed by two experienced pathologists. Normal tissue was collected at least 3 cm from the tumor margin. Tumor samples and its corresponding normal tissues were stored at −80°C until using.

Cell Culture and Transfection {#S0002-S2002}
-----------------------------

HCC cells (Sk-Hep-1, SMMC7721, HCCLM3, Huh-7, and HepG2) and normal cell line (L02) were purchased from the Chinese Academy of Sciences (Shanghai, China). The cells were cultured in the medium containing 10% fetal bovine serum (FBS; HyClone Laboratories, Logan, UT, USA) in a 5% CO~2~-humidified atmosphere at 37°C.

Small interference RNA (siRNA) target for the circ_0005394 (si-circ_0005394-1 and si-circ_0005394-2), si-E2F3, si-CXCL6, si-NC, miR-507/515-5p/NC mimics, and miR-507/515-5p/NC inhibitor were acquired from GenePharma Co., Ltd. (Shanghai, China). The overexpression vector of pcDNA-circ_0005394, E2F3, CXCL6, and pcDNA-control were brought from Hanbio Biotechnology Co., Ltd. (Shanghai, China). The targeted sequences of circ_0005394 are as follows: si-circ_0005394-1, 5′-GAAACTGTTATGATTGCTCAT-3′, and si-circ_0005394-2, 5′-AATGAAACTGTTATGATTGCT-3′. Cell transfection was conducted using Lipofectamine 3000 reagent (Invitrogen, Carlsbad, CA, USA) followed by the instructions of manufacturer. Then 125 μL serum-free medium was used to dilute 5 μL Lipofectamine 3000 in a 1.5 mL EP tube. Meanwhile, 5 μL siRNA (20 μM) or 2.5 μg plasmid vector along with 5 μL P3000™ reagent was diluted in 125 μL serum-free medium. After 5 minutes incubation at room temperature, the reagents in two tubes were combined. 15--20 minutes later, the mixtures were added into a 2.5 cm dish filled with serum-free medium. After 8 hours incubation, the medium was replaced by the medium containing 10% FBS.

qRT-PCR {#S0002-S2003}
-------

Total RNA was isolated by Trizol (Thermo Fisher Scientific, Waltham, MA, USA) by the routine RNA extraction protocol. RNA concentration was detected using a Thermo Nano Drop 2000 spectrophotometer (Waltham, MA, USA). RNA quality was evaluated according to the A260/A280 ratio. RNA integrity number (RIN) analysis was performed using an Agilent 2100 Bioanalyser and RNA 6000 LabChip kit with Agilent 2100 Expert software (Agilent Technologies). The isolated RNA from tissue samples with a RIN of 7 or more was considered usable in the study. The RNA was reverse-transcribed into cDNA (Roche, Basel, Switzerland). qRT-PCR assay was performed on a 7500 fast Real-Time PCR system (Applied Biosystems, Foster City, CA, USA) and SYBR Green Master (Roche). qRT-PCR was performed in triplicate. U6 and GAPDH were used as internal controls. Relative RNA expression was analyzed using the ΔΔCt method.

Cell Viability Detection {#S0002-S2004}
------------------------

Transfected cells were added into 96-well plates (1500 cells per well) and maintained for indicated time. Then 10 μL of cell counting kit-8 (CCK-8) was added into each well and incubated for 2 hours. The absorbance of samples at 450 nm was detected using a microplate reader (Tecan, Männedorf, Switzerland).

Cell Apoptosis Assay {#S0002-S2005}
--------------------

Acridine orange/ethidium bromide (AO/EB) double fluorescence staining was carried out to measure cell apoptosis. Briefly, the cells were treated with AO/EB mixed solution (Solarbio, Beijing, China). Five minutes later, the cells were counted and photographed (Leica, Wetzlar, Germany).

Annexin V‑fluorescein isothiocyanate apoptosis kit (BD Biosciences, San Jose, CA, USA) was applied to evaluate the apoptotic rate of HCC cells. In brief, the transfected cells (2 × 10^6^) were washed with PBS twice, resuspended with 1X binding buffer, and then maintained with 5 μL of Annexin V-FITC and 10 μL of propidium iodide (PI) for 15 minutes in the dark. At last, cell apoptosis was detected using a flow cytometer (FACScan, BD Biosciences).

Wound Healing Assay {#S0002-S2006}
-------------------

Cells were seeded into a 2.5 cm dish (2×10^5^ cells/well). The wounds were created using a 200 μL sterile pipette tip until the cells reached 90% confluency. The cells were washed twice with PBS. At indicated culturing time, the separation distance between scratch edges was measured. The scratches were captured using a light microscope (Leica).

Transwell Assay {#S0002-S2007}
---------------

For cell migration detection, the bottom compartment was added with medium containing 10% FBS. The upper chamber with polycarbonate membrane (Corning, Inc., Corning, NY, USA) was filled with transfected cells in serum-free medium. After incubation, the cells were fixed by paraformaldehyde (Solarbio) and dyed by crystal violet (Beyotime, Beijing, China). The migrated cells were then imaged and counted. The protocol for the invasion experiment was similar with that in cell migration test. The difference was that the top chamber in the invasion assay was coated with Matrigel (BD Biosciences, USA).

Dual-Luciferase Reporter Gene Test {#S0002-S2008}
----------------------------------

The sequences of circ_0005394 were predicted to interact with miR-507 and miR-515-5p (predicted by Circular RNA Interactome). Full length of circ_0005394 or a mutated sequence was inserted into the pmirGLO vector. Cells seeded into 24-well plates were cotransfected with luciferase vectors and miR-507/515-5p mimics or mimics-NC, and subjected to luciferase activity determination at 36 hours (Promega, Madison, WI, USA).

Data Analysis {#S0002-S2009}
-------------

Data are expressed as the mean ± SD and analyzed using unpaired 2-sided Student's *t-*test using GraphPad Prism 6 (GraphPad, Inc., La Jolla, CA, USA). Fisher's exact test was conducted to uncover the association between circ_0005394 expression and clinical characteristics. Kaplan--Meier curves and Cox regression model were used to measure overall survival by using SPSS 22.0 (SPSS, Inc., Chicago, IL, USA). The significance threshold was set at a *P*-value\<0.05.

Results {#S0003}
=======

circ_0005394 Is Upregulated in HCC Tissues and Cells and Correlates with Dismal Prognosis {#S0003-S2001}
-----------------------------------------------------------------------------------------

We measured circ_0005394 expression levels in HCC specimens and adjacent nontumorous samples. Upregulation of circ_0005394 was observed in HCC specimens in comparison with the normal counterparts ([Figure 1A](#F0001){ref-type="fig"}). Additionally, qRT-PCR displayed that circ_0005394 was evidently elevated in HCC cells compared to L02 cells ([Figure 1B](#F0001){ref-type="fig"}). In particular, circ_0005394 expression remained the highest in the Huh-7 cell line, but the lowest in the HepG2 cell line ([Figure 1B](#F0001){ref-type="fig"}). Afterwards, the recruited patients were divided into high/low circ_0005394 expression groups following the median value of circ_0005394. Elevation of circ_0005394 was found in HCC patients with TNM stage III--IV, relative to that in HCC samples with TNM stage I--II (*P*=0.007). Additionally, circ_0005394 was elevated in HCC patients with larger tumor size (*P*=0.013, [Table 1](#T0001){ref-type="table"}). Furthermore, circ_0005394 expression in HCC tissue samples was markedly associated with unfavorable prognosis in HCC patients, as proved by Kaplan--Meier survival curves (*P*=0.002, [Figure 1C](#F0001){ref-type="fig"}). Among the clinicopathological variables, advanced TNM stages (*P*=0.005) and circ_0005394 expression (*P*=0.003) were both identified as risk factors to predict overall survival according to univariate analysis. Multivariate Cox regression analysis identified circ_0005394 as an independent prognostic predictor for HCC (*P*=0.039, [Table 2](#T0002){ref-type="table"}).Table 1circ_0005394 Expression and Clinicopathologic Characteristics of HCC PatientsClinicopathologic CharacteristicsNo. of Patientscirc_0005394 Expression*P*-valueGender0.639 Male552926 Female271215Age (years)0.505 \<60361620 ≥60462521Smoking status0.268 No-smoking441925 Smoking382216Alcoholic cirrhosis1.000 Present1789 Absent653332HBV infection0.377 Positive432419 Negative391722Tumor size (cm)0.013\* ≤5481830 \>5342311TNM stage0.007\* I--II471730 III--IV352411AFP (ng/mL)0.770 Positive683335 Negative1486Differentiation grade0.180 Well/Moderately472027 Poorly/Undifferentiated352114[^1][^2] Table 2Univariate and Multivariate Analysis of Prognostic Factors for Overall Survival in HCC PatientsVariablesUnivariate AnalysisMultivariate AnalysisHR95% CI*P*HR95% CI*P*Overall Survival Gender (Male vs Female)1.0120.593--1.7280.965 Age (≥60 vs \<60)1.4470.865--2.4220.159 Smoking status (Smoking vs No-smoking)1.1730.634--2.1700.610 Alcoholic cirrhosis (Present vs Absent)1.1440.619--2.1130.669 HBV infection (Positive vs Negative)1.2330.745--2.0410.415 Tumor size (\> 5 vs ≤5)1.0440.624--1.7470.869 TNM stage (III--IV vs I--II)2.0781.249--3.4560.005\*1.6250.932--2.8320.087 AFP (Positive vs Negative)0.8580.446--1.6500.646 Differentiation grade (Poorly/undifferentiated vs Well/moderately)1.5460.932--2.5660.092 Circ_0005394 expression (High vs Low)2.2041.316--3.6930.003\*1.8141.032--3.1890.039\*[^3][^4] Figure 1Relative expression of circ_0005394 in HCC tissues and cell lines and its clinical significance. (**A**) Relative expression of circ_0005394 in HCC tissue samples and their paired non-cancerous tissue samples measured by qRT-PCR. (**B**) Relative expression of circ_0005394 in HCC cell lines and normal cell line measured by qRT-PCR. (**C**) Kaplan--Meier analysis was used to investigate the prognostic role of circ_0005394 in HCC patients. \* *P*\<0.05, \*\* *P*\<0.01.

circ_0005394 Promotes HCC Cell Progression {#S0003-S2002}
------------------------------------------

We next explored the effects of circ_0005394 on the growth, apoptosis, migration, and invasion of HCC cells. The efficiencies of siRNAs were validated and circ_0005394-siRNA-1 was selected for further study due to its high knockdown efficiency ([Figure 2A](#F0002){ref-type="fig"}). HepG2 cells was used for gain-of function assay. [Figure 2B](#F0002){ref-type="fig"} shows that circ_0005394 vector significantly enhanced circ_0005394 expression compared to the cells transfected with empty vector. For the part of functional assay, circ_0005394-siRNA mediated circ_0005394 downregulation led to lower cell viability in Huh-7 cells ([Figure 2C](#F0002){ref-type="fig"}). Elevated circ_0005394 induced higher cell viability in HepG2 cells ([Figure 2D](#F0002){ref-type="fig"}). The data of AO/EB staining and flow cytometric assays illustrated that inhibition of circ_0005394 obviously enhanced cell apoptosis ([Figure 2E](#F0002){ref-type="fig"} and [G](#F0002){ref-type="fig"}). However, circ_0005394 upregulation inhibited HepG2 cell apoptosis ([Figure 2F](#F0002){ref-type="fig"} and [H](#F0002){ref-type="fig"}). Additionally, to unveil the function of circ_0005394 in modulating the migratory and invasive capacities of HCC cells, wound scratch and transwell experiments were performed. The data unveiled that interfering circ_0005394 expression reduced the rate of migration more than the negative control cells ([Figure 2I](#F0002){ref-type="fig"} and [K](#F0002){ref-type="fig"}). On the contrary, ectopically expressed circ_0005394 could enhance HepG2 cells to migrate ([Figure 2J](#F0002){ref-type="fig"} and [L](#F0002){ref-type="fig"}). Similarly, as for the transwell invasion experiments, reducing the expression of circ_0005394 showed a decreased rate of invasion relative to the si-NC group ([Figure 2K](#F0002){ref-type="fig"}). Ectopic expression of circ_0005394 in HepG2 cells could elevate the cell invasive potential ([Figure 2L](#F0002){ref-type="fig"}).Figure 2circ_0005394 promotes HCC cell progression. (**A**) circ_0005394 expression was detected after silencing of circ_0005394 in Huh-7 cells by qRT-PCR. (**B**) circ_0005394 expression was detected after overexpression of circ_0005394 in HepG2 cells by qRT-PCR. (**C, D**) CCK-8 assays were used to detect cell viability of Huh-7 and HepG2 cells after circ_0005394 knockdown/overexpression. (**E, F**) AO/EB staining assays were used to detect cell apoptosis of Huh-7 and HepG2 cells after circ_0005394 knockdown/overexpression. (**G**, **H**) Flow cytometric analysis was used to detect cell apoptosis of Huh-7 and HepG2 cells after circ_0005394 knockdown/overexpression. (**I**, **J**) Wound healing assays were used to detect cell migration capacities of Huh-7 and HepG2 cells after circ_0005394 knockdown/overexpression. (**K**, **L**) Transwell assays were used to detect cell migration and invasion capacities of Huh-7 and HepG2 cells after circ_0005394 knockdown/overexpression. \* *P*\<0.05, \*\* *P*\<0.01.

circ_0005394 Sponges miR-507 and miR-515-5p to Upregulate E2F3 and CXCL6 Expression, Respectively {#S0003-S2003}
-------------------------------------------------------------------------------------------------

Emerging evidence has shown that circRNAs could act as a sponge to absorb miRNAs and inhibit their expression and functions in multiple malignancies.[@CIT0014],[@CIT0015] To explore the mechanisms of circ_0005394 in HCC, we constructed a competing endogenous RNA (ceRNA) model. Based on an online database of Circular RNA Interactome, miR-136, miR-153, miR-433, miR-490-5p, miR-507, and miR-515-5p were highly matched to the sequence of circ_0005394. We found that miR-507 and miR-515-5p were significantly upregulated/downregulated after circ_0005394 silencing/overexpression ([Figure 3A](#F0003){ref-type="fig"} and [B](#F0003){ref-type="fig"}). Furthermore, negative correlation of circ_0005394 and miR-507/515-5p was observed in HCC tissues ([Figure 3C](#F0003){ref-type="fig"} and [D](#F0003){ref-type="fig"}). To explore the potential interaction between circ_0005394 and miR-507/515-5p, we inserted the predicted target sites or mutated sites into the downstream of firefly luciferase gene ([Figure 3E](#F0003){ref-type="fig"}). Luciferase activity markedly decreased in HCC cells cotransfected with circ_0005394 WT and miRNA-507/515-5p mimics. However, no significant difference in luciferase intensity was seen in the cells cotransfected with circ_0005394 MUT and miRNA-507/515-5p mimics ([Figure 3F](#F0003){ref-type="fig"}--[G](#F0003){ref-type="fig"}). We also investigated the complementary miRNAs paired with 3ʹ-UTR of target mRNA by using TargetScan database. We found that upregulation of miR-507 markedly repressed E2F3 mRNA expression, while silencing of miR-507 evidently facilitated E2F3 expression ([Figure 3H](#F0003){ref-type="fig"}). Similarly, we identified that CXCL6 mRNA expression was negatively modulated by miR-515-5p ([Figure 3I](#F0003){ref-type="fig"}). Pearson's correlation coefficient analysis illustrated the positive correlation between circ_0005394 and E2F3/CXCL6 expression in HCC tissues ([Figure 3J](#F0003){ref-type="fig"}--[K](#F0003){ref-type="fig"}). A luciferase reporter gene containing the WT or MUT E2F3 3ʹ-UTR or CXCL6 3ʹ-UTR sequences was constructed and the luciferase reporter assay was applied to confirm the predicted binding sites ([Figure 3L](#F0003){ref-type="fig"}). Following luciferase reporter gene test indicated that transfection of miR-507 mimics led to remarkable reduction of luciferase intensity of WT-E2F3 3ʹ-UTR reporter compared to that in the mimics-NC group ([Figure 3M](#F0003){ref-type="fig"}). In line with our expectation, miR-515-5p could also interact with 3ʹ-UTR of CXCL6 mRNA ([Figure 3N](#F0003){ref-type="fig"}).Figure 3circ_0005394 sponges miR-507 and miR-515-5p to upregulate E2F3 and CXCL6 expression, respectively. (**A**) Relative miRNAs expression was detected after circ_0005394 knockdown in Huh-7 cells. (**B**) Relative miRNAs expression was detected after circ_0005394 overexpression in HepG2 cells. (**C**, **D**) Correlation analysis of circ_0005394 and miR-507/miR-515-5p in HCC patients' tissues. (**E**) Diagrammatic sketch of the binding sites for circ_0005394 and miR-507/miR-515-5p. (**F**, **G**) Luciferase reporter assay was conducted to evaluate the interaction ability between miR-507/miR-515-5p and circ_0005394. (**H**) Relative E2F3 mRNA expression was measured after miR-507 knockdown/overexpression in Huh-7 and HepG2 cells. (**I**) Relative CXCL6 mRNA expression was measured after miR-515-5p knockdown/overexpression in Huh-7 and HepG2 cells. (**J**, **K**) Correlation analysis of circ_0005394 and E2F3/CXCL6 mRNA in HCC patients' tissues. (**L**) Diagrammatic sketch of the binding sites for E2F3 3ʹ-UTR/miR-507 and CXCL6 3ʹ-UTR/miR-515-5p. (**M**) Luciferase reporter assay was conducted to evaluate the interaction ability between miR-507 and E2F3 3ʹ-UTR. (**N**) Luciferase reporter assay was conducted to evaluate the interaction ability between miR-515-5p and CXCL6 3ʹ-UTR. \* *P*\<0.05, \*\* *P*\<0.01.

circ_0005394 Executes Oncogenic Properties Through Regulating miR-507/E2F3 and miR-515-5p/CXCL6 Signalings in HCC {#S0003-S2004}
-----------------------------------------------------------------------------------------------------------------

Rescue experiment was performed on Huh-7 and HepG2 cells to evaluate whether the malignant behaviors induced by circ_0005394 are partly attributed to its regulation of miR-507/E2F3 and miR-515-5p/CXCL6 pathways. Immunoblotting assay showed that knockdown of circ_0005394 significantly attenuated the expression levels of E2F3 and CXCL6. Whereas, after being cotransfected with E2F3 vector or CXCL6 vector, the downregulation of E2F3 and CXCL6 was partly reversed ([Figure 4A](#F0004){ref-type="fig"} and [B](#F0004){ref-type="fig"}). In addition, circ_0005394 vector cotransfected with si-E2F3 or si-CXCL6 partially reversed the elevation of E2F3 and CXCL6 caused by circ_0005394 vector ([Figure 4A](#F0004){ref-type="fig"} and [B](#F0004){ref-type="fig"}). Furthermore, CCK-8 and transwell invasion assays exhibited that the E2F3 vector or CXCL6 vector could prominently reverse the inhibition of si-circ_0005394-1 on HCC cell viability and invasion ([Figure 4C](#F0004){ref-type="fig"} and [G](#F0004){ref-type="fig"}). We found that silencing of circ_0005394 could facilitate apoptosis in Huh-7 cells, while this acceleration effect could be partly reversed by E2F3 or CXCL6 vector ([Figure 4E](#F0004){ref-type="fig"}). Furthermore, overexpression of circ_0005394 facilitated cell progression, while after cotransfection with si-E2F3 or si-CXCL6, the oncogenic properties were partially reversed in HepG2 cells ([Figure 4D](#F0004){ref-type="fig"}, [F](#F0004){ref-type="fig"}, and [H](#F0004){ref-type="fig"}).Figure 4circ_0005394 executes oncogenic properties through regulating miR-507/E2F3 and miR-515-5p/CXCL6 signaling in HCC. (**A**, **B**) Western blot assay was used to detect E2F3 and CXCL6 expression levels in Huh-7 and HepG2 cells after transfection. (**C**, **D**) CCK-8 assays were used to evaluate cell viability after transfection in Huh-7 and HepG2 cells. (**E**, **F**) Flow cytometric assays were used to evaluate cell apoptosis after transfection in Huh-7 and HepG2 cells. (**G**, **H**) Transwell assays were used to evaluate cell invasive potential after transfection in Huh-7 and HepG2 cells. \* *P*\<0.05, \*\* *P*\<0.01.

Discussion {#S0004}
==========

Accumulating studies have manifested that circRNAs act as crucial roles in multiple types of cancers, including HCC.[@CIT0012],[@CIT0015] In the previous study, the differentially expression of circRNAs was screened in HCC and normal tissues and circ_0005394 was identified as an upregulated circRNA in tumorous samples.[@CIT0013] In this study, circ_0005394 was found to be aberrantly elevated in HCC specimens and cells based on the data of qRT-PCR assay. For clinical value investigation, circ_0005394 expression correlated with patients' clinical severity. In the clinical data analysis, circ_0005394 expression increased as the tumor size and TNM stage increased. Moreover, high circ_0005394 level correlated with poorer 5-year overall survival in HCC patients after surgery. According to the Cox regression model, circ_0005394 was further predicted as an independent prognostic factor for HCC patients.

Functional experiments indicated that downregulation of circ_0005394 inhibited HCC cell growth by triggering cell apoptosis. Furthermore, decreased circ_0005394 repressed HCC cell migration and invasion. By contrast, circ_0005394 overexpression induced the opposite effect to that mentioned above. After validation of the clinical value and functional role of circ_0005394, we investigated the mechanism of circ_0005394 in HCC. CeRNA hypothesis proposes a novel mechanism in the interaction of RNAs.[@CIT0016],[@CIT0018] Recent studies identified the regulatory functions of circRNAs in tumor cell behaviors as ceRNAs.[@CIT0019],[@CIT0020] Here, we predicted several miRNAs which may interact with circ_0005394 through the online database. Furthermore, qRT-PCR and dual-luciferase reporter assay indicated that only miR-507 and miR-515-5p were sponged and modulated by circ_0005394. These two miRNAs were reported as tumor suppressors in previous studies.[@CIT0021],[@CIT0026] For miR-507, it suppresses breast cancer cell aggressiveness by targeting fms related receptor tyrosine kinase 1 (Flt-1).[@CIT0021] Additionally, another report indicated that miR-507 is regulated by a lncRNA, urothelial cancer associated 1 (UCA1), thereby regulating forkhead box M1 (FOXM1) expression at posttranscriptional level.[@CIT0022] For miR-515-5p, it suppresses prostate cancer cell progression via targeting thyroid hormone receptor interactor 13 (TRIP13).[@CIT0023] In non-small cell lung cancer (NSCLC), CXCL6 could promote cell survival and metastasis through downregulating miR-515-5p.[@CIT0024] Furthermore, a higher level of miR-515-5p associates with increased breast cancer patients' survival.[@CIT0025] In gastric cancer, miR-515-5p/X-Linked inhibitor of apoptosis (XIAP) signaling is modulated by hsa_circ_0067997.[@CIT0026] In this project, the results revealed that circ_0005394 acted as a sponge to absorb miR-507 and miR-515-5p. We next identified E2F3 and CXCL6 as the direct target of miR-507 and miR-515-5p, respectively. E2F3 belongs to the E2F family and binds to DP interaction partner proteins to exert its functions.[@CIT0027] It is imperative for E2F3 to modulate cellular growth of both primary and tumor cells via induction of apoptosis by DNA damage.[@CIT0028],[@CIT0029] What's more, E2F3 exerts oncogenic function in various cancers, including HCC.[@CIT0030] CXCL6, also known as granulocyte chemotactic protein 2, was firstly found in MG63 cells, one of the osteosarcoma cell lines. CXCL6 regulates its downstream pathways via binding withC-X-C Motif Chemokine Receptor 1 (CXCR1) and C-X-C Motif Chemokine Receptor 2 (CXCR2).[@CIT0031] Growing evidence has demonstrated that CXCL6 plays a key role in mediating tumorigenesis. For instance, theactivated CXCL6/CXCR1/2 pathway facilitates the growth and metastasis of osteosarcoma cells.[@CIT0032] In the current study, we for the first time revealed that the oncogenic function of circ_0005394 is partly dependent on its upregulation of E2F3 and CXCL6, which broadened the perspective of circRNAs in HCC.

However, there are still some limitations within the study. Animal study was not performed and a larger cohort of patients and multicenter study are essential to validate the clinical significance of circ_0005394 in the future studies.

Conclusions {#S0005}
===========

To sum up, this study proved that circ_0005394 functioned as a ceRNA to facilitate HCC progression via sponging miR-507 and miR-515-5p, thereby elevating E2F3 and CXCL6 expression, respectively. We propose that circ_0005394 may play an important role in HCC growth and metastasis.
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[^1]: **Note:** \* Statistical significance at *P*\<0.05.

[^2]: **Abbreviations:** HBV, hepatitis B virus; TNM stage, tumor-node-metastasis stage; AFP, α-fetoprotein.

[^3]: **Note:** \* Statistical significance at *P*\<0.05.

[^4]: **Abbreviations:** HR, hazard ratio; 95% CI, 95% confidence interval.
